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(54) Switching regulator 

(57) A switching regulator includes: a boost chopper 
circuit A including a plurality of inductances (2, 3, 4 and 
5) which are connected in parallel with a D.C. power 
supply (1) for boosting the D.C. power supply (1), a plu- 
rality of commutating diodes (6, 7, 8 and 9) which are 
connected to output sides of those inductances (2, 3, 4 
and 5), respectively, a plurality of switching elements 
(10, 1 1, 12 and 13) for connecting the D.C. power sup- 
ply (1) and nodes between the respective inductances 
(2 to 5) and the respective diodes (6 to 9) in a short- 



circuiting manner, and a smoothing capacitor (14) con- 
nected in series to a combined output section of those 
diodes (6 to 9); a control circuit (15) for controlling the 
on/off operation of those switching elements (10 to 13); 
and a load (1 6) connected in parallel with the smoothing 
capacitor (14). The plurality of switching elements (10 to 
13) repeatedly operate while the operation of the plural- 
ity of switching elements (10 to 13) is sequentially 
delayed by a predetermined period of time. 
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Description 

[0001] The present invention relates to a switching 
regulator used as power supply for an inverter circuit for 
driving a electric motor by boosting a low voltage (24 V, s 
48 V, etc) of a battery mounted on an electric vehicle, 
as a power supply of a solar cell for high output, or for 
completely consuming an energy of a 6uper capacitor or 
the like. 

[0002] Up to now, there is one type of switching regu- 
lators for obtaining an output voltage higher than that of 
an input voltage, which is made up of a boost chopper 
circuit, for example, as shown in Figs. 7 and 8. 
[0003] In Fig. 7, an inductance 2 is connected in 
series to a plus side of a D.C. power supply 1 , an anode 
side of a diode 6 is connected to an output side of the 
inductance 2, and a cathode side of the diode 6 is con- 
nected to a node 50 at which the smoothing capacitor 
14 and a load 16 are connected in parallel. Then, in 
order to hold a voltage across the load 16 constant, 
there is provided a control circuit 15 for controlling the 
on/off operation of a switching element (FET) 10 that 
short-circuits a node between the inductance 2 and the 
diode 6 and a minus side of the D.C. power supply 1 . 
[0004] The control circuit 1 5 operates so that in an on- 
state of the switching element (FET) 10, the load 16 is 
driven by a voltage VI of the D.C. power supply 1 while 
a magnetic energy is stored in the inductance 2. Then, 
when the switching element (FET) 10 becomes in an 
off-state, the magnetic energy stored in the inductance 
2 and the voltage VI of the D.C. power supply 1 are 
superimposed on each other to drive the load 16. 
[0005] Fig. 8 shows a circuit structure in which a circuit 
consisting of an inductance 26. a diode 30, a switching 
element (FET) 22 and a smoothing capacitor 34 which 
is identical in structure with the circuit of Fig. 7 is con- 
nected in series to the circuit of Fig. 7. In the figure, 
when the switching elements (FETs) 10 and 22 are in 
the on-state, the load 16 is driven by the voltage VI of 
the D.C. power supply 1 while a magnetic energy is 
stored in the inductances 2 and 26. Then, when the 
switching elements (FETs) 10 and 22 become in the off- 
state, the magnetic energy stored in the inductances 2 
and 26 and the voltage VI of the D.C. power supply 1 are 
superimposed on each other to drive the load 16. 
[0006] In both of the above two circuits shown in Figs. 
7 and 8, because a cunent l c1 or l c2 flowing in the 
capacitor 14 or 34 becomes a large triangular-wave rip- 
ple current, a current of several tens amperes or more 
flows in the capacitor 1 4 or 34 particularly when the load 
16 is large in capacitance (1 kW or more), to thereby 
make the heating of the smoothing capacitors 1 4 and 34 
high. As a result, there are disadvantageous in that not 
only the smooth capacitors must be made larger in size 
but also the lifetime becomes shorter. 
[0007] Also, when the switching elements (FETs) 10 
and 22 are in the on-state, that is, when the magnetic 
energy is stored in the inductances 2 and 26. the output 



voltage is equal in value to the input voltage VI. There- 
fore, a discharge energy from the smoothing capacitors 
is relied on in order to obtain a large output voltage, and 
large-scaled smoothing capacitors are required. This 
causes not only that the above disadvantages are made 
remarkable but also that in the case where the energy 
consumption of the load is particularly large, the mag- 
netic energy stored in the inductances 2 and 26 is com- 
pletely discharged, to thereby disable the load to be 
continuously driven. Thus, there is room for improve- 
ment. 

[0008] The present invention has been made in order 
to solve the above problems, and therefore an object of 
the present invention is to provide a switching regulator 
which is capable of supplying a large output while pre- 
venting a smoothing capacitor from being increased in 
size, and also which is capable of preventing a short life- 
time and continuously driving a load. 
[0009] In order to achieve the above object, according 
to the present invention, there is provided a switching 
regulator, comprising: a boost chopper circuit including 
a plurality of inductances connected in parallel with a 
D.C. power supply for boosting the D.C. power supply; a 
plurality of commutating diodes connected to output 
sides of said inductances, respectively, a plurality of 
switching elements for connecting said D.C. power sup- 
ply and a node between each of said inductances and 
each of said diodes in a short-circuiting manner, and a 
smoothing capacitor connected in series to a combined 
output section of said plurality of diodes; a control circuit 
for controlling the on/off operation of said plurality of 
switching elements; and a load connected in parallel 
with said smoothing capacitor; wherein said plurality of 
switching elements repeatedly operate while the opera- 
tion of said plurality of switching elements is sequen- 
tially delayed by a predetermined period of time. 
[0010] Because the plurality of switching elements 
repeatedly operate while the operation of the plurality of 
switching elements is sequentially delayed by a prede- 
termined period of time, a large output (energy) can be 
obtained in comparison with a switching regulator in 
which energies stored in other inductances not corre- 
sponding to a specific switching element when the spe- 
cific switching element is in an on-state are sequentially 
outputted by switching the specific switching element 
from the on-state to an off-state to boost an output volt- 
age by a single switching element. Also, a current flow- 
ing in the smoothing capacitor can be smoothed, and 
even in the case where an energy consumption of the 
load is particularly large, the load can be continuously 
driven by adjusting the on/off period of the switching 
element. A larger output (energy) can be obtained as 
the number of inductances increases. 
[0011] The above control circuit comprises a PWM 
control circuit that controls the on-period of the plurality 
of switching elements in order to hold a voltage value of 
the load constant. Alternatively, a micro-computer or the 
like may be employed for control. 
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[0012] With an arrangement in which the respective 
inductances are made up of insulating flyback trans- 
formers each consisting of a primary winding and a sec- 
ondary winding, if the number of turns of the primary 
winding and the number of turns of the secondary wind- 
ing are altered, the output voltage can be not only 
boosted but also dropped with respect to the input volt- 
age. 

[0013] Because a plurality of boost chopper circuits 
structured as described above are connected in series, 
and all of the switching elements of those boost chopper 
circuits are connected to a single control circuit so as to 
be on/off-controlled, a large output (energy) can be 
obtained in comparison with a switching regulator in 
which a single boost chopper circuit is driven. Moreover, 
if all of the switching elements are on/off-controlled by a 
single control circuit, the circuit can be simplified. 
[0014] The above and other objects and features of 
the present invention will be more apparent from the fol- 
lowing description taken in conjunction with the accom- 
panying drawings. 

Fig. 1 is a circuit diagram showing a first specific 
structure of a switching regulator; 

Fig. 2 is a diagram showing waveforms of currents 
flowing in inductances and waveforms of an input 
current; 

Fig. 3 is a timing chart of the switching regulator; 

Fig. 4 is a circuit diagram showing a specific struc- 
ture of a PWM control circuit; 

Fig. 5 is a circuit diagram showing a second specific 
structure of the switching regulator; 

Fig. 6 is a circuit diagram showing a third specific 
structure of the switching regulator; 

Fig. 7 is a circuit diagram showing a first conven- 
tional specific structure of the switching regulator; 

Fig. 8 is a circuit diagram showing a second con- 
ventional specific structure of the switching regula- 
tor; and 

Fig. 9 is a graph showing an energy stored in 
inductances and a current flowing in a smoothing 
capacitor. 

[001 5] Now, a description will be given in more detail 
of preferred embodiments of the present invention with 
reference to the accompanying drawings. 
[001 6] Fig. 1 shows a switching regulator according to 
the present invention. 

[0017] The switching regulator, as shown in Fig. 1, 
includes: a boost chopper circuit A including four induct- 



ances 2,3,4 and 5 which are connected in parallel with 
a D.C. power supply 1 for boosting the D.C. power sup- 
ply 1, four commutating diodes 6, 7, 8 and 9 which are 
connected to output sides of those inductances 2, 3, 4 

s and 5, respectively, four field effect transistors 10.11.12 
and 13 (hereinafter referred to as "FETs") serving as 
switching elements for connecting the D.C. power sup- 
ply 1 and nodes between the respective inductances 2 
to 5 and the respective diodes 6 to 9 in a short-circuiting 

io manner, and a smoothing capacitor 14 connected in 
series to a combined output section of those four diodes 
6 to 9; a control circuit 15 for controlling the on/off oper- 
ation of those four FETs 10 to 13; and a load 16 con- 
nected in parallel with the smoothing capacitor 14. The 

is number of the inductances may be two, three, live or 
more for implementation. The number of switching ele- 
ments is altered in correspondence with the number of 
inductances. The switching elements may be formed of 
various elements such as transistors or insulated gate 

20 bipolar mode transistors (IGBTs) other than FETs. 
[001 8] The control circuit 1 5 is designed to control the 
on/off operation of the four FETs 10 to 13 on the basis 
of a variation in the terminal voltage of the load 16, and 
specifically formed of a PWM control circuit that holds a 

25 frequency constant and controls the on-period (pulse 
width) of the FETs 10 to 13. to thereby hold an output 
voltage oonstant. In other words, in the case where a 
voltage across the load 16 becomes lower than a prede- 
termined voltage, the on-periods of the FETs 10 to 13 

30 are lengthened so as to obtain a large output voltage. 
On the contrary, in the case where the voltage across 
the load 16 becomes higher than the predetermined 
voltage, the on-periods of the FETs 10 to 13 are short- 
ened so as to obtain a small output voltage. As a result, 

35 the output voltage can be always held constant regard- 
less of a fluctuation of the voltage across the load 16. 
The four inductances 2 to 5 are repeatedly operated 
while the operation of the four inductances 2 to 5 is 
sequentially delayed by a predetermined period of time 

40 so that magnetic energies stored in the inductances 2 to 
5 are superimposed on an input voltage VI to drive the 
load 16. As a result, not only a ripple current can be pre- 
vented from occurring but also an output can be remark- 
ably improved. In addition, the smoothing capacitor 14 

45 small in capacitance can be employed. 

[0019] The PWM control circuit 15 is made up of, as 
shown in Fig. 4, an oscillating circuit 17 for generating 
clock pulses, a counter 18 for counting the clock pulses 
from the oscillating circuit 17, a plurality of triangular- 

so wave generating circuits 19 for appropriately generating • 
triangular waves according to information from the 
counter 18, a plurality of differential amplifiers 20 for 
comparing voltages from those triangular-wave gener- 
ating circuits 19 with a detected output voltage (a 

55 detected load voltage) to generate outputs, and gate 
drivers 21 for driving the gates of the FETs 10 to 13 
according to outputs from those differential amplifiers 
20. The PWM control circuit 15 is not limited to the 
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above structure, but the on-period (pulse width) of the 
FETs 10 to 13 may be controlled by a micro-computer. 
[0020] The operation of the switching regulator thus 
structured will be described. As shown in Fig. 3, when a 
clock pulse of the predetermined number (a first pulse) 
among clock pulses generated from the oscillating cir- 
cuit 17 rises, a voltage is applied to the gate of the FET 

10 to make the FET 10 in an on-state. In this situation, 
the D.C. current I allows a current i 1( that is, a current 
indicated by a triangular-wave current A for exciting the 
inductance 2 shown in Fig. 2 to flow. At the same time, 
the application of a voltage to the gate of the FET 1 1 
which is in the on-state is interrupted to make the FET 

1 1 in an off-state. In this situation, a voltage Bj shown in 
Fig. 3 is moved to the smoothing capacitor 14 in a for- 
ward direction of the diode 7 with a magnetic energy 
stored in the inductance 3 as a flyback voltage. A cur- 
rent flowing in this situation is indicated by in Fig. 2. 
A relation that an area of an energy B stored in the 
inductance 3 is identical with an area of an energy B 1 
discharged as the flyback voltage is satisfied, and the 
respective relationships between A and A 1f C and C 1f 
and D and D 1 generated by the FETs 10, 12 and 13 
which will be described later are also identical with the 
above relationship in theory. Then, in the figure, when a 
second dock pulse rises, a voltage is applied to the gate 
of the FET 1 1 that gets in the off-state to make the FET 
11 in the on-state. In this situation, the D.C. current I 
allows a current i 2 , that is, a current indicated by a trian- 
gular-wave current B for exerting the inductance 3 
shown in Fig. 2 to flow. At the same time, the application 
of a voltage to the gate of the FET 12 which is in the on- 
state is interrupted to make the FET 12 in the off -state. 
In this situation, a voltage C 1 shown in Fig. 3 is moved 
to the smoothing capacitor 14 in a forward direction of 
the diode 8 with a magnetic energy stored in the induct- 
ance 4 as a flyback voltage. Sequentially, in the figure, 
when a third clock pulse rises, a voltage is applied to the 
gate of the FET 12 that gets in the off-state to make the 
FET 12 in the on-state. In this situation, the D.C. current 
I allows a current i 3 , that is, a current indicated by a tri- 
angular-wave current C for exciting the inductance 3 
shown in Fig. 2 to flow. At the same time, the application 
of a voltage to the gate of the FET 13 which is in the on- 
state is interrupted to make the FET 13 in the off -state. 
In this situation, a voltage shown in Fig. 3 is moved 
to the smoothing capacitor 14 in a forward direction of 
the diode 9 with a magnetic energy stored in the induct- 
ance 5 as a flyback voltage. Then, in the figure, when a 
fourth clock pulse rises, a voltage is applied to the gate 
of the FET 13 that gets in the off-state to make the FET 
13 in the on-state. In this situation, the D.C. current I 
allows a current i 3 , that is. a current indicated by a trian- 
gular-wave current C for exciting the inductance 5 
shown in Fig. 2 to flow. At the same time, the application 
of a voltage to the gate of the FET 10 which is in the on- 
state is interrupted to make the FET 10 in the off-state. 
In this situation, a voltage A 1 shown in Fig. 3 is moved 



to the smoothing capacitor 14 in a forward direction of 
the diode 6 with a magnetic energy stored in the induct- 
ance 2 as a flyback voltage. With the above operation, 
one cycle is completed. That is, four clock pulses form 

s one period, and every time one clock pulse rises, one 
specific FET 1 0, 1 1 , 1 2 or 1 3 is sequentially made in the 
on-state, and when the FET 10, 11. 12 or 13 which is 
sequentially made in the on-state is made in the off- 
state once when a predetermined period (4 periods) 

10 elapses, and every time a succeeding dock pulse rises, 
the FET 10. 1 1 . 12 or 13 which is made in the off-state 
is sequentially made in the on-state. This operation is 
repeated. 

[0021] In this embodiment, there is applied a system 

is in which for prevention of an over-exdtation of the 
inductances, the on-periods of the respective FETs 10 
to 13 are set as 70% at maximum, and the off-periods 
thereof are set as 25% at minimum to stabilize the oper- 
ation, and the on-periods and off -periods of the respec- 

20 tive FETs 1 0 to 1 3 are adjustably changed according to 
a fluctuation of the output voltage. That is. the respec- 
tive FETs 10 to 13 are controlled by the PWM control 
drcuit 15 so as to satisfy a relationship ol output voltage 
V 0 = (FET ON + FET OFF )/FET OFF xVI. If a loss is 

25 ignored, in the case where the on-period is set as 75%, 
V 0 = 4VI is satisfied. Fig. 3 shows a case in which the 
on-period is set as 75%. The on-periods of the respec- 
tive FETs 10 to 13 are set as 75% at maximum, and the 
off-periods thereof are set as 20% at minimum for pre- 

30 vention of an over-excitation of the inductances. How- 
ever, they are not limited to those numeral values. 
[0022] In this embodiment, all the pulse widths of the 
dock pulses are set to be identical with each other. 
However, the pulse width may be changed for each of 

3S the clock pulses, or only the pulse width of a specific 
dock pulse may be changed for implementation. Also, in 
this embodiment, the values of the respective voltages 
A lP B v C 1 and D 1 are identical with each other. How- 
ever, the values of the respective voltages A 1t B 1t C 1 

40 and D t may be entirely or partially different from each 
other. Further, although the prevention of gaps between 
the respective voltages A 1( B 1f Ci and D 1 from occur- 
ring is ideal, such gaps may occur with the limit that no 
problem occurs. 

45 [0023] Accordingly, as described above, the on-peri- 
ods and the off-periods of the four FETs 10 to 13 are 
adjusted so that as shown in Fig. 3, the output voltage 
V 0 becomes a total of an area of the energies A, B, C 
and D stored in the respective inductances 2 to 5 and an 

so area of energies A 1f B 1t C 1 and D 1 discharged by the 
respective inductances 2 to 5. thus being capable of 
always ensuring a given output voltage. 
[0024] Then, the input current i 0 flowing in the D.C. 
power supply 1 becomes i 0 ai i +i 2 + i 3 + i 4 as 

55 shown in Fig. 2, thereby enabling a flat D.C. current 
without any ripple components to flow. In the figure, 
there are shown the mean values i 10 , bo and Uo of 
the currents h, b an d U which flow in the respective 
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inductances 2 to 5, and a total of those mean values i 10 , 
'20. bo arid I40 represent the input current i 0 . 
[0025] The above switching regulator may be struc- 
tured as shown in Fig. 5. That is, two boost chopper cir- 
cuits A are connected in series and connected to the 
above PWM control circuit 15 for controlling the on/off 
operation of all of the switching elements 10 to 13 and 
22 to 25 of those boost chopper circuits A. 
[0026] The boost chopper circuit A on the left side of 
both the boost chopper circuits A includes four induct- 
ances 2. 3. 4 and 5. four commutating diodes 6. 7. 8 and 
9 which are connected to output sides of those induct- 
ances 2, 3, 4 and 5, respectively, four switching ele- 
ments 10, 11. 12 and 13 for connecting the D.C. power 
supply 1 and nodes between the respective induct- 
ances 2 to 5 and the respective diodes 6 to 9 in a short- 
circuiting manner, and a smoothing capacitor 14 con- 
nected in series to an output side of those four diodes 6 
to 9. The boost chopper circuit A on the right side of 
both the boost chopper circuits A includes four induct- 
ances 26. 27, 28 and 29, four commutating diodes 30, 
31, 32 and 33 which are connected to output sides of 
those inductances 26, 27, 28 and 29, respectively, four 
switching elements 22, 23, 24 and 25 for connecting the 
D.C. power supply 1 and nodes between the respective 
inductances 26 to 29 and the respective diodes 30 to 33 
in a short-circuiting manner, and a smoothing capacitor 
34 connected in series to an output side of those four 
diodes 30 to 33. 

[0027] The switching regulator structured as 
described above can obtain an output voltage as high 
as the number of inductances is more than that shown 
in Fig. 1. The smoothing capacitor 14 shown in the fig- 
ure is provided for eliminating noises and can be omit- 
ted for implementation. 

[0028] The operation of the switching regulator shown 
in Fig. 5 will be briefly described. Because the number 
of inductances is twice, for example, the output voltage 
V 0 can be always held constant by controlling the on/off 
operation of four pairs of inductances 2. 26. 3, 27, 4. 28, 
5 and 29 according to four clock pulses as in the above 
manner so that in a state where a pair of inductances 2 
and 26 are off according to a clock pulse signal of the 
specific number, other three pairs of inductances 3, 27, 
4, 28, 5 and 29 are in the on-state. 
[0029] The above switching regulator may be struc- 
tured as shown in Fig. 6. In other words, with the induct- 
ances 2 to 5 being made up of insulating flyback 
transformers each consisting of a primary winding and a 
secondary winding, when the number of turns of the pri- 
mary winding is set to be less than the number of turns 
of the secondary winding, the output voltage can be 
allowed to rise with respect to the input voltage. On the 
contrary, when the number of turns of the primary wind- 
ing is set to be more than the number of turns of the 
secondary winding, the output voltage can be allowed to 
drop with respect to the input voltage. In other words, if 
the number of turns of the primary winding and the 



number of turns of the secondary winding are changed, 
currents i 11p i 12 , i 13 and i 14 flowing in the secondary 
inductances can be changed with respect to currents i 1( 
i 2 , i 3 and i 4 flowing in the primary inductances so that 
5 the output voltage is allowed to rise or drop with respect 
to the input voltage. 

[0030] According to the first aspect of the present 
invention, since a current flowing in the smoothing 
capacitor can be flattened without any ripples, the life- 

10 time can be prevented from being shortened due to 
heating of the smoothing capacitor. Also, because the 
energies stored in a plurality of inductances are sequen- 
tially discharged, not only the output voltage can be 
always held constant but also the output voltage can be 

15 structured in a high output, thereby being capable of 
downsizing the smoothing capacitor. Moreover, even 
when the energy consumption of the load is large, the 
load can be continuously driven by adjusting the on/off 
period of the switching element, thereby being capable 

20 of providing a switching regulator high in reliability. A 
higher output can be obtained as the number of induct- 
ances increases. 

[0031] According to the second aspect of the present 
invention, there is advantageous in that control can be 

25 digitalized by conducting PWM control using a micro- 
computer, and if various control is conducted by soft- 
ware, a high output power supply can be provided which 
enables digital control as a power supply for an electric 
automobile and a robot expected in the future. 

30 [0032] According to the third aspect of the present 
invention, the output voltage can be allowed to rise and 
drop only by changing the number of turns of the pri- 
mary winding and the number of turns of the secondary 
winding. A range where the circuit is useable can be 

35 expanded. In addition, a variation width of the value of 
the output voltage can be changed freely only by chang- 
ing the number of turns of the primary winding and the 
number of turns of the secondary winding. 
[0033] According to the fourth aspect of the present 

40 invention, when a plurality of boost chopper circuits are 
connected in series, a high- voltage and large-capaci- 
tance output (energy) can be obtained in comparison 
with a switching regulator in which a single boost chop- 
per circuit is driven, thereby being capable of expanding 

45 a range where the output is useable. In addition, if all of 
the switching elements are on/off-controlled by a single 
control circuit, the circuit can be simplified, thereby 
being capable of reducing the costs. 
[0034] The foregoing description of a preferred 

50 embodiment of the invention has been presented for 
purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed, and modifications and varia- 
tions are possible in light of the above teachings or may 

55 be acquired from practice of the invention. The embodi- 
ment was chosen and described in order to explain the 
principles of the invention and its practical application to 
enable one skilled in the art to utilize the invention In 
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various embodiments and with various modifications as 
are suited to the particular use contemplated. It is 
intended that the scope of the invention be defined by 
the claims appended hereto, and their equivalents. 

5 

Claims 

1. A switching regulator, comprising: 

a boost chopper circuit including a plurality of 10 
inductances connected in parallel with a D.C. 
power supply for boosting the D.C. power sup- 
ply, a plurality of commutating diodes con- 
nected to output sides of said inductances, 
respectively, a plurality of switching elements 15 
for connecting said D.C. power supply and a 
node between each of said inductances and 
each of said diodes in a short-circuiting man- 
ner, and a smoothing capacitor connected in 
series to a combined output section of said plu- 20 
rality of diodes; 

a control circuit for controlling the on/off opera- 
tion of said plurality of switching elements; and 

25 

a load connected in parallel with said smooth- 
ing capacitor; 

wherein said plurality of switching elements 
repeatedly operate while the operation of said 
plurality of switching elements is sequentially 30 
delayed by a predetermined period of time. 

2. A switching regulator as claimed in claim 1 , wherein 
said control circuit comprises a PWM control circuit 
that controls the on-period of the plurality of switch- 35 
ing elements to hold a vottage value of the load con- 
stant. 

3. A switching regulator as claimed in claim 1 or 2, 
wherein said inductances comprise insulating fly- 40 
back, transformers each consisting of a primary 
winding and a secondary winding. 

4. A switching regulator as claimed in any of claims 1 

to 3, wherein said plurality of boost chopper circuits 45 
are connected in series, and all of said switching 
elements of said boost chopper circuits are con- 
nected to said single control circuit to control the 
on/off operation of all of said switching elements. 
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